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AUSTHACT 

The daltl collected in .lunc I<J<J(J from the R/1 ~' l)oinl s·ur arc used to study the 

Calif"ornia Undercurrent <lllu Californi~t Current in tile area off Point Sur. The area of 

st uJy· is a coasta I region starting J k.m o IT Point Sur and cxtcnuing west wa ru I 0 2 k.m. 

At that Jistance the orient<ttion or the line of the stations changes to south\\"CSt, ex­

tending to 22S k.m ol1"shore. ·1 he cruise took place l"rom IG-22 or June under upwelling 

favorable wc<tthcr conditiom. 

The results or this ~tudy help illustrate the great variability of the currents in the 

area. In .lune 1990 the Calirornia Undercurrent exists, is strong (max speed J6 cm.' scc), 

is confineu to the first o5 km 11om the shore. ~tnd carries equatorial type ,,·aters 

no1 th\\·arJ in Jcpths less than (,5() dbars. The cstimateu transport is 2.9 S\·. The 

Calirornia Current is bro~Itl. slo\\'cr th;m the l ' ndcrcurrcnt (max. speeu 2S cm .' sec). 

shallo\\·cr and carries Subarctic l'orth Paciric \\"atcrs. The coastal upwelling lookc;; strong 

starting from the depth or 100 dbars, anu contl ihutcs to the inshore coastal jet which it 

is ohscrvcu in the first 8 kill rrolll the shore anu in the upper 20 dbars. 

Unlike previous analyses based on CaiCOFI data, the Undercurrent appears robust 

in June. Its strong surface anJ subsurface signature hau not previously been reported for 

this month. This nwy in part be Jue to tltc Jcterrnination made in this thesis that 700 

Jbar is a more appropri~ttc reference level th<m either 500 or 1000 Jbar. 
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I. INTI{OLJUCTION 

A. GENERAL C'Lil\IATOLOGICA L PICTURE 

ln 1987. the Point Sur Trano:;cct (POST) was cstahlisllcd by the Department of 

Oceanography at the i\av;ll Postgraduate School to investigate the long term variability 

in the eastern Pacific boundary region. Since its C!->tablishmcnt 12 cruises were unucr­

taken C:liH.l sevc11 theses hitvc been accomplishccl using tllc!->e Jata. This research, the 8'" 

report, deals \Yith the Jata from June 1990 ror the invcsti~ation or California 0ndcrcur­

rent at Point Sur. 

The following description 1s takcii !"rom Berryman ( 19S9) to give the general 

clim;ttological pictme. 

"The California Current (CC) is the eastern boundary current of tire Subtropical 

:'\orth Pacific gyre. and C.\tend<> !'rom \\"a.,hingt on State to Baja Calif'ornia .. , ypical or 

eastern boundary currents it is a broad, shallow a11d weak system of equatorial flow. 

Velocities arc usually less than 25 cm 'sec. most or the 11ow is limitcu to the top 3(Hl m 

anu the system extends !"rom the coast out to 900 km with a core 200- 300 km offshore. 

Low temperature. low salinity subarctic water originating ncar the \Vest \Viml Drift i<; 

carricu south and mingles with tltc other water ma"scs round in the region. Thcf->e arc the 

eastern )."orth Pacif"ic water mass on the western boundary of the California Cu1 rent, 

anu EquatOI ial Pacific water f'rom the South. 

"In addition to the broad equatorial f1ow. the systc1n is characterized by a polcwaru 

unuer current closer inshore. \·ariouslv e<tllcd the inshore Countercurrent (I(). or the 

Davidson lnslwrc Current (I) I C) \\·he11 it rc;1chc!-> the surface. This polcwaru flow is 

somewhat stronger. more narrow. and generally found over the continental slope anu 

shelf". \Vhilc the cquatorward 11ow of" the Califo1 nia Current is fairly consistent ycar­

rou nd, the coun tcrcurren t exhibits st rong ann u;ll \"a ria bil it y, a I tern at ell y kept at depth 

in the spring and summer as a result or the strong north\\·estcrly winds. and surf~1cing in 

the rail am) \\"inter \Vith tile rcla.\ation or the winds." 

The annual picture or the nearshore water characteristics is constructct.l as roiiO\\"<;. 

Cool, high salinity, high nutrient waters doii1inate the nearshore waters of the ccntr;ll 

coast from February to September. This i" the upwelling. pcriou of strong north\\"Cstcrl~· 

winds. In September the winds Jinunish resulting. iu the encroachment of the occauic 

water into the nei.lrsllore ~11-cas: this is the ocea11ic periou which usually persists until 



:\ovcmbcr. ,\s the \rinds shift to tile southwest in 1\ovembcr, the northwarJ nmving 

Counter Current reaches to the sut r:1ce bndward of the California Cmrcnt. and then is 

kno\\'11 as the David~on Current. This northward surf:tcc now of warm, low salinity 

\rater persists until the \\'inds reverse in rcbruar:v. 

ll. STUDIES ON TilE AREA 

The California Current system has been the subject of numerous studies in the past, 

ft·om the long-term Jata collection of California Cooperative Oceanic Fisheries Investi­

gations (Cal CO Fl) to specific process experiments or recent years such as the Coastal 

Transition Zone Pro!!ram (CTZ Program), Central California Coastal Circulation Study 

(CCCCS), and the Point Sur Transect (POST) (Berryman 1989, Tisch I990). 

The Cal CO F I uata set represents a forty year recorJ of hydrographic surveys aimed 

at examining the long term variability of the coastal region and the cnviromcntal in1pact 

on local fisheries. An excellent review of the CaiCOFI program can be founJ in the 

October I (J~R Cui CO FI Reports ( ReiJ I 9~8). Summary of the seasonal variability of the 

now accorJing to the Cal CO FI Jata is gi\·cn by II ickcy ( 1979) and Chelton (I 984 ). 

Velocities \\·ere derived from these hydrographic data using an assumed level of no mo­

tion ( L:-\;\1) with the geostrophic relationship. 

The CCCCS program (February I984 to July I 984) provided higher hydrographic 

resolution (than CalCOFI) and incluJed moored current meter arrays from San 

Francisco to Point Conception. The important conclusion Jrawn fi·orn this experiment 

\\·as that the historical Cal CO FI h~·drographic data do not resolve spatial scales of var­

iability in shelf anJ slope waters because the horizontal spacing of stations was too 

coarse to resolve tile coastally trappeJ polcwarJ flow (Chelton ct al. I YS7). The n1ost 

notable rcature thus iJentirieJ in the CCCCS was the relatively consistent coastally 

trapped poleward flow over the shelf in the entire region from Point Conception to San 

Francisco. The cause or this mean poleward [low and the large fluctuations in the flow 

were not idcntifieJ. These features appear to be unrelatcJ to local wind forcing. which 

is generally cquator\\'ard in the region anJ varies on a much shorter time scale (Chclton 

et al. 1987). 

In I987 the Point Sur Transect (POST) was established by the Department of 

Oceanography at the 1\aval Postgraduate School (NPS) to investigate the long term 

variability in this region. Investigating the time variability of polcv,;ard flows, their role 

in gyre-scale processes, and relatcJ dynamics arc the tnain goals. POST extends ofrshore, 

normal to bottom topography, along 3611 N to I23°0 I. 7 \V. There it turns along the cs-

2 



tabli~hed CalCOF I line (, 7 (the :Vlonterey Bay· line) to allow fo r comp~1rison with previ­

ous stuJies utilizing the CaiCO I I Jata set. i\s of' June 1990 there haJ been 19 cruises 

(Table I) along the POST (Figure I). 

Tahle I. POINT SUR TRANSECT CIHIJSE PERIODS AND DATA TYPE 

Cruise Dates Ves sel Data ty1)e 

Sl:'\OV I <JS7 I I ·1 - I I ' I I R,' V Poi nt Sur CTD.,\DCP 

CCC-1\pril 1988 ~ - 15 - 5,' I LS;\S CTD 1\DCP PEG1\SLS 
DcSteigucr 

ST.\1:\ Y J<J SS 5 ~ - 5 I I R, \~ Point Sur CTD 1\DCP 

C L C-;\ u gust 198 ~ S ' )-~7 R V !'oint Sur C I D 1\D C P PECI!\SLS 

Cl ;c-Scpternbcr I 9S8 <) 22 - ~ 27 R V Point Sur CTD 1\D C P PEG,\SuS 

ST:\OV IIJ SS II I - II s R V !'o int Stir CTD ;\D C!' 

Cl.:C-:'\o\·enlber I<JSS II I~ - I I I <J R; V Point Sur CTD ,\DCP PEC1i\ Sl"S 

CLC-l:ebruarY 1989 2 J - 2 7 R 'V Point Sur CTD :\DCP PECI ,\Sl S 

CLC-.\larch 1989 3, ~~ - 3,' 30 R, V Point Sur CTD i\DCP PLCi ,\Sl. S 

CLC ;-v1~1y I 989 5 i I () - 5 I 2 () LS\:S Cl D AD C P PEG:\ SLS 
DeStciger 

ST:Vl1\ Y !9S9 5, 4 - 5,' 26 R , V Point Sur CI D ,\ DCP 

CL C-.luly ICJS9 7 .' 2S - S 3 R, V Point Sur CTD i\DCP P[C} ,\ SCS 

CL C-Septcmher 19S9 9 25 - 9 :w R V Point Sur CTD :\DC!' PEC};\Sl S 

ST'\.;OV J<JS<J II. I - ll,S R 'V Point Sur Cl D ,\DC I' 

CLC-0-:o\-ember I <)8<) II 15 - II 22 R V Point Sur CI D A DCP l'EG:\S L S 

Cl.C-.Innuan· I <J <J( l I 17 - I 2<4 R V Point Sur CTD 1\D CP P E(~,\SLS 

Cl.C-:Vlarch Jt)()() 3' 19- 3,'2() R ' \' Point Sur CTD 1\DCP PLG1\SLS 

s ·1 \I,\ Y I lJ<J() ::;, 2 - 5 ~ R 'V Point Sur Cl [) i\DCP 

CLC-\1 ~1\. ltJ~O 5. 17 - 5 2_; R V Point Sur Cl[) :\DCP PrCi .-\S l S 

CL C-J une 19lJO 5, 16-5 22 R \' Po int Sur C I [) t\DCl' PL<. j,\Sl ·s 

rigure I gives the distribution or the Still ion s on the Point Sur "I rnnsection used Cor the 

Calif'omia Undercurrent (CL:c) project. This thesis Jcal s with the CLC, using the dau1 

from the June 1990 cruise, an d con sist s or 22 CTD stations and 9 Pegasus stations. T he 

length of the hyJrogra phic transection is 228 km with Jcnser coverage at the inshore enJ 

of the transection. 
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Til is study of the CCC also utilizes continuous vertical profiles of absolute velocity 

from the "Pegasus" instrument. This instrument allows accurate velocity data to be 

collcctcJ rapidly and with greater case over a large geographic region, and removes the 

guesswork associated with erroneous assumptions about levels of "No Motion" 

(Berryman 1989). The difliculty with using instruments like "Pegasus" is in separating 

the velocity constituents since it is an instantaneous measurement. llimonthly sampling 

prevents temporal resolution of less than four months. 

Previous studies of the area by the 1\:PS stuJcnts showed that a narrow pole\vard 

undercurrent exists close to the shore. The spccJ and the location vary from season to 

season. The nature of the alongshore geostrophic velocities and the location and spatial 

4 



(.',\tent of the Lndercunent <tppl'<H to be strongly related to srccilic winJ C\'CI1tS, local 

<111d remote (Tisch 1<)90) . T<1hlc 2 ([i·om 'I i-;ch J<)<JO) sho\\s the ~patial extent and core 

\clocitics or the C<llirornia c·ndcrcmrent ht~scd uron the gcostrophic rclationshir rela­

tive to I O!JO dha1 s for d<t ta f'rom the seven sclccteJ cruises. 

Tahir 2. SPAllAL EX"I ENT Of 'I liE tJNDERCUf~RENT BASED ON PI~E\'1 -
0lJS STl lDIES Cl i"ciL J<J90) 

Cruise Core di stance Core depth :'vlaximum Velocity 
rrorn the shore (m) (em,' sec) 
( K111) 

ST\1:\ Y I C)SS ')") ...j(i() <5 ~~ 

Cl C-A ugust llJS8 12 ' ..J2 190 > 35 : > 20 

CL C- 0: o\·cmhcr Jl)SS 20 4<i() > 25 

CL C- Fehruan I <)~C) 15 J(Jf) > 35 

ST\1:\ Y I <JSIJ 17 I <>fl > 20 

CL C-J uJ~· I <J~lJ ')' 
.<...) ...)!)() > J(J 

C L C- 0: o\·embcr 19S1J 2S 7!) > 35 

C. POINT SUR 

I. Geophyskal charadrristirs 

The continental margin orr Point Sur comists of <1 shelf extending some 15 km 

from the coast to a depth of 15U m, a steeper continental slope out 75 km to a Jepth of 

3050 m. and a gentler rise to the basin 11oor 3500 m deep, about I 00 km orlShorc. A ridge 

starting at Point Sur and c\tenJing offshore (\\·est) a distance of about 3-l km may aflcct 

the currents in the area. 

i\umcrous can~·ons indenting the shelf (Figure 2) nwy afTcct the currents in the 

area. Sur Canyon, located orr the Big Sur River, heads 5.5 km from land ncar one of the 

local rivers . llo\\'cvcr, an intersecting canyon, Partington Canyon, extends almost to the 

beach. Partington's Canyon head bends along the co<1St. 

Tile Sur-Partington group has (j\·c main branches. The cha nnels arc twisting like 

the pattern of a river. The Ci.myon~ arc V -shaped. but arc flattened at a depth 620 m. 

The Sur canyon branch is cut deepest into the slope with \Yalls as high as 620 m in some 

pbccs. The whole Cl"tnyon system (Sur and Partington) extends olfshore for 89 km from 

the hc<1d of the Sur canyon, or 107.5 km from the head of Partington canyon. 
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Figure 2. G('ophysical characteristics of the area - Canyons (Shepard 1941) 

The largest submarine canyon along the California coast is the Monterey Sub­

marine Canyon. It heads in ~lonterey Bay (;\loss Landing and Moss Lagoon) and ex­

tends sca\vard at a distance 1 <J5 km. Carmel Submarine Canyon heads on Carmel Bay 

and extends seaward first \\·est then north\\·est coming into Monterey Submarine Canyon 

at a depth 2000 m. Transverse profiles or both lvl onterey Canyon and Carmel Canyon, 

indicate that a V-shape predominates in the inner portions of the canyons. Further out 

where the trend of i'vlonterey Canyon changes direction f'rom west to southwest, it loses 

its V -shape and becomes a broad trough without particularly high or steep walls. These 

two canyons may play an important role in the currents in the area. 



1 \\':-~(er lll:lSSCS 

To study the water types at Point Sur, first \\"C ha,·c to sec what arc the char­

acteristic \rater ma sse~ in :\orth Pacific which contribute in the (ormation of the \rater 

masses at Point Sur. lilc :\orth P;tcilic \\"(ltcr masses according to Dc(~mt ( 1941) arc 

gi\·cn in Table 3 .. , he limiting Yalucs for temperature and salinity arc gi,·cn to demon­

strate in wlwt extreme limits occ<tnographic factors may vary. 

Tahle 3. \VATER 1\IASSCS OF NORTH I'ACiriC ACCORDING 10 DEFANT 
( 19-t I ) 

.\"orrlz J>a c{flc Fr'lltt>aarurc ("C) Saliniry (psu) 

S u h~nctic \\'a tcr 2-10 ]3.5-~4.4 

Pacific Equatori;tl \Vater (,_ I 6 3~.5-35.2 

Eastern :\ orth 1\tcilic \\"~ttcr I ( 1- I (i _)4.0-34.0 

\Vcstern :\ orth Pacific \\';tter 7-16 34.1-34.6 

;\rctic Intermediate \\';ttcr (l- )(I 34.0-_"q.( 

Pacific Deep \\'ater anJ Arctic (- I )- 3 3<-1.6-34. 7 
Circumpolar \\.ater· 

Tchcmia ( 19~0) gives a simple picture of the water masses in J\ot th Pacific, hut 

as Defant. he puts limiting \"<llues of temperature anJ salinity (Table 4). 

Tnhle 4. "'ATEH 1\IASSr:S OF NORTH PACIFIC ACCORDING TO P. 
TCIIEI~NIA ( llJXO) 

Sort h J> ac (fie I clllf'!'rnwrc (nC) Snluzity (psu) 

Subarctic \Vater s ..,.., 
~' ·' 

J'\orth Central Pacific \\<Iter I~ 35 

Arctic intcrmedi:ttc \\·atcr s 3·1 

SYerJrup, .I ohnson, anJ Fleming ( Jl)() I) gi,·e the water masses in the area in a 

more moderate way. avoiding temperature auJ s<tlinity limits . According to them. the 

water ma~s which dominates in all the 1\orth Pacific is the Subarctic \Vater mass. t\t 50 

0 N thi~ water mass is ch<IracterizeJ by an a\·erat'e temperature bct\\"Cen 2 anJ 4 nc anJ 

salinity 32 psu hut i11creases to approximately 34 psu <It a depth or a lew hundred meters 

and below that depth increases slo\\·Jy to about J<-l.C>S psu at the bottom. This ,,·atcr mass 
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is carried tO\rard the east and \rhen reaching the American coast it is deflected to\\'ard 

the south and enters to a region of dillcrent climatic conditions. I Jere the temperature 

or the upper layers is raised by heating and the salinity is increased by excess evaporation 

anJ mixing. so that the T , S cun·cs graJuall~- swing toward the right. Strictly speaking, 

the Subarctic \Vater mass is characterized as the \\"<.Her mass northward of 45° ~. For the 

s<1kc or convenience this name is used for all the water mass until of 23° !"\. Southward 

from this latitude the Subarctic \Vater mass converges with the Equatorial \Vater mass. 

Between 22° ?\ anJ 45° 0: and below 300 111 the T-S curves show waters intermediate in 

character between Subarctic North Pacilic and the Equatorial \Vater. This fact suggests 

that the water at this area is rormed by lateral mixing bct\vccn those two large and ,,·ell 

defined \Vater masses. Such mixing gi,·cs the idea that a northward penetration of 

Equatorial ,,·ater occurs along the coast. S\'crdrup and ricnu11ing (19'-11) and Tibby 

( 19-ll) obsen·cd that at stations close to the shm c (JO km from the shore) the ,,·atcr mass 

had charnctcristics closer to Equatorial \Vater mass than to Subarctic \Vater mass. For 

the same latitude. \\·ater mass at a station 550 km hom the shore had characteristics 

closer to Subarctic \Vater mass. From the above description it is evident that close to 

the shore we expect the Subarctic ?\orth Pacific water mass to be strongly affected by 

the Equatorial \Vater mass characteristics. Offshore the waters arc expected to be more 

likely to be Subarctic 1\orth Pacific water mass. 

The following currents and phenomena are the main contributors in formation 

of the water masses at Point Sur. 

• The warm and salty nonlnrarJ llo\\'ing California Undercurrent close to the shore 

• The cold and low salinity southward !lowing Calirornia Current offshore. 

• The strong upwelling. during the spring and summer \\·hich mixes subsurface \\"atcr 
\\·ith surface water ma sses. 

• The coastal jet (5 to 25 km offshore) and 

• The Davidson Current. which brings oceanic surf:1ce water close to the shore. 

The California lJndcrcuncnt and its T-S relationship arc discussed by Sverdrup 

and Fleming ( 19...J I), Tibby ( 19...J I), Blanton and Pattullo (1970), Reid Roden and \Vyllie 

( 1958 ), 1 I alpcrn Smith and Reed (I 978), \Voostcr and Jones ( 1970 ), \Vickham ( 1975) and 

Chclton ( 19S4). who may be the most representative author for the area Off Point Sur. 

The results from the a bovc works, except Chclton' s, arc summarized in I Iickey (1979). 

1\ccording to these authors the California Undercurrent flows over tile continental slope 

and carries equatorial type water. This water is characterized by high temperature, 



salinity ami plw ~ phate. and Ia\\' dis.;;ol\'ed oxygen. From d~ namic torogra phy ol the 200 

dbar ~url~tce. Reid ( IIJ5S) .,ho\\'ed that at depths greatet than 200 dbars there is polc\\'<trd 

flo,,· throughout most of the year from southern ILtj a to at least as far north a~ Cape 

;\I endoci1 10 in northern Calil'ornia. 

·1 he current meter t-ccotds or Collins et al. (IIJG8) and ,\looers et al. ( 1976) 

suggest that the undercurrent O\'er the shell' is highly coupled to the equator\\'ard ,,·ind 

~tress. According to these, strong upwelling fa,·orable \\'inds result in an equaton,·ard 

surf~1ce jet and poleward undercurrent. 

I lickey ( 1979) concludes that the salinity and temperature of the core of 

California Lndcrcuncnt in a ll the ran ge 11 om IL!j a California to Yancouver Island is 

bet\\'een 34.6 psu and 9.5 °C ( ob~erved at BGja California) and 33.9 psu and 7.0 nc ( ob­

served at Vancouver I sian d). i\1 ixing processes diminish the cross-shore temperature 

and salinity gradients so the transition obsen ed in the \\·aters oiT Vancouver Is land is 

much more gradual than olr southern California. The seasonal varintion of the per­

centage or Equatorial water at speci!ic locations along the co~tst has not been inYc sti­

gnted. \Vooster and Jane.;; ( I<J70) believe and give some evidence for interannual 

variations in north\\'ard extent of a gin~n isohaline. 

The most rcpresentati,·e author for the area ofT Point Sur is Chclton ( 1984). 

Using geos trophy he found that the California Undercurrent at Point Sur presents \'ari­

ations year-round. During June. he found no evidence for an undercu rrent. It was never 

observed during the June anJ on!~· \\T<tk polc\Yard llO\\' has ever been obser,·eJ in July. 

According to I lie key ( 19 71
)) : ''The C<difornia Current exists in t\\'o regi ons of 

southward flow. The nearsh ore region is most Cull~· de\·e lopcd in spring and early sum­

mer south of Cape Blanco. llte o!lshore region is most. f'u11y de,·cl opcd in late summer 

or fall. Of the t\\'o south\\'ard regi ons the nearshore reg ion is strong year-round. This 

region moves closer to the shore tO\\·ruds the south from C<lpe ;\led ocino and canic~ low 

salinity cold \\'ater. 1\t\'lova ( 19GG) l'ound that tlte ma.\imum southward flo,,· occurs at 

the surf~1ce in a11 the seasons. at about 300-500 km offshore of Point Conception and 

agrees \\'ith \Vyllie's ( 196(>) data in the ollshore region. The Cali!omia Current is more 

fully developed in the area during the spring and early summer. ·1 his agrees \\'ith con­

clusions based on \Vy11ie's Jata only if' tile region sampled corresponds with the 

nearshore branch or the current". RcCcring to Chelton ( 198~) for the California Current 

ofT Point Sur: "The core of California Cunent is located het\\'een I 00 and 200 km off­

shore and is mostly restricted to the upper 200 m. The seasonal variability of this core 

sho\\'s two equatO\\·ard mGxima per year with peak vel ocity of 9 ctn'sec in February-
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:\1arch and ag~Jlll July-J\ugust. 'I he core IS displaced slightly farther offshore 111 the 

wintertime maximum." 

The coastal jet is mentioned in all the descriptions of shelf circulation along the 

coast of C~1lilornia and occurs during the up\\'elling season. This is a southward flow 

\·cry close to the shore with a maximum speed at a distance 5 to 25 km from the coast. 

It is strongest Juring the spring ami is ccntcreu close r to the shore than during the 

sununer. The transportcu waters arc mainly up\\·clled waters rich in phytoplankton and 

oxygen. Chelton (198<-l) Jescribes that during .March-J\pril and July-September there is 

a narrow second maximum cquatorward flow very nearshore with velocities of 5 to 8 

em/sec. Ile supposes that this jet may be more intense over the continental shelf, but 

with the Cal CO FI data he couldn't support this hypothesis. 

Polewaru surface flow in nearshore regions ofT the coast of California associated 

with winter weather patterns is known as the Da viuson Current. The Davidson Current 

is developeu ncar the coast north of Point Conception in fall and winter and causes 

dramatic changes in water properties south or Cape Medocino. It brings southern 

oceanic water northward anu reinforces the idea that the Davidson Current is the surface 

expression of the California Unuercurrent \vhich carries Equatorial type water 

northwaru. 

3. \Veathcr conditious 

\Vcathcr conditions during the cruise arc given in Figure 3. J\s it can be seen the 

\\·ind during all the cruise was from N\V directions as usually happens in this season in 

the area (II uyer 19S3 ). The wino speeu was ranged from 6 to 12 m /sec contributing in 

the process or the up\\'elling in area . 1\ir temperature was relatively high, staying above 

12° c. 
4. Purpose of the study - Contents 

The data were collected during IG- 21 June 1990 aboard the RV Point Sur. The 

purpose of this study is to analyse anu interpret these Jata, comparing the results to the 

previous conclusions. In particular. I describe the spatial structure of the various cur­

rents, flows or jets, and compare gcostrophic flow with absolute current measurements. 

In this report Ch<l pter II co\·ers the instruments, methods, and data processing 

techniques. Chapter Ill provides detailed analyses of the results. Finally Chapter IV 

summarizes the conclusions anu offers reconunendations for future work. 
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II. DATA COLLECTION AND PROCESSING 

The Pt Sur data transection (Figure I) of 22 CTD stations and 9 Pega sus sites is 

designed to resolrc the v.·atcr mass structure in the slope region. 

A. DATA COLLECTION 

1. Pegasus 

The Pegasus instrument is an acoustically tracked dropsonde which free falls 

through the water column and returns to the stu·racc after dropping weights at the bot­

tom. The elapsed times from the broadcast or a IO Kl lz signal sent by Pegasus and the 

response by each of at least two bottom-mounteu (anu survcycu) transponders arc re­

corded internally. Travel times arc later converted to distances using a sound speed 

profile. The location of Pegasus as it falls through the water colunm is Jctcrmined based 

on the consecutive ranges rcl:-ttive to the tran sponders and the depth. Velocities arc dc­

rivcu from this path by differentiation with respect to time. The instrument transmits 

once cYcry I 6 seconds and with nominal fall and ascent rates of 30- 35 m/min, data arc 

recorded at about 8 m increments. The horizontal spceus arc accurate to within I - 3 

cm,' scc, \Vith uncertainties arising from assumptions regarding the speed and path of 

sound through the water column, as \\·ell as signal deformation anu Jetcction (Berryman 

I9S9). 

Pegasus cast locatiom begin ]J km from the coast. 'I he first 7 sites arc spaced 

I 0 km apart along latitude J6n20 N ( f7igurc I). Sites 8 and 9 arc located on Cal CO FI 

line 67, 50 km and I23 km. rc spcctivclly from site 7. Table 5 lists the pertinent Pegasus 

site information. 

Each cast extends from the surface to the bottom. In order to facilitate the 

elimination or inertial oscillali o ns (at this lalitudc the inertial period is about 20 hours), 

the stations \Vcre surveyed t\vice, \rith approxinwtclly Y to I I hours between casts. Each 

cast has two independent profiles (tq:l\rard and downwaru) which can be analyzcu sepa­

rately or combined into an a veragc profile. Totally 36 profiles were collected by Pegasus 

Juring the cruise of J unc 90 and 34 \\·ere analyzed. Cast # 267 have not taken into ac­

count because the Jata \\·ere insufficient. 

2. ADCP 

The R D Instruments Inc. Acoustic Doppler Current Pro filer (A DCP) is a 

vessel-moun ted instrument ( M odcl Vl\1-i\ DCP) \Vhich utilizes the range-gated Doppler 
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T:1hlt> 5. PEGASUS SURVEY 

Ca~L Sw# Dista!lcc Dall:TI!llC (/.) Location Ucplh 
from the shore (kin) (dbars) 

25R. CI,'J~.S (1 , 17 ()]:."'<) Y1n2o. I 2,V 122° I(>. 22 II. 1022 

259. C2, ~J.~ o. 17 07:.-lS lr>"20.J IN I~2°23.1711' 13RO 

2(10 CI J2.R (j I I 7 I ~:1 H) ~(1°21l.I2.V I22° 16.30 II' 1023 

26I C2.'LB.~ 6 17 I 6: I~ J(/'20.35.\" 122°23.03 11' D~3 

2(>2 CJ/ 5~.I (1 , 17 I S:5S J<i0 20. 27 S I 22 11 29. 2511' 1909 

2 6 J C -1 (1 J . I (1 IS 01:55 J<>"2! l.O(J:\· I22 11 35.65 I J. 2018 

2<1~ C .'3,' 5~ I (i , I~ 0(1: I 2 ~(,0 20 . .\SS 122°2'J.22 If" 1883 

265, C--1'63.1 (J' IS 12:27 ](J0 20.0SN 122°35.73 II ' 2620 

2<1(1 C5 , 71.9 (1 IS I <1:1 ll l .1(1°1 1).().'),\' 122°~1 .0~11 JI8~ 

2(>7,C5 '7 l.lJ (l. 19 02:23 J (>0 IS .lJ 7 A I 2 2n~ I. I 0 II . 3 IS9 

2<>R C<> 82.7 (1 J() 07:10 J <1" I 9. _Ill :Y I 2 2''50. 70 II' J i(d 

2(1lJ, C7,·t 02.1 (1 19 12:28 ~(1° 19.--19 N I23°02.S(JI J. J(> II 

270 C6,' S2. 7 6, 14 I 7:~0 ](1°19.~2.\" I22"5U.5()11' J IJ9 

271 C7 .' 102.I (1' 19 22:28 J(J0 I9.29.\' 123"02.88 IJ' 35l)l 

272 CR'I--1--1.7 (1 20 () 5: ·' 2 .1(;1105.8(1S 123°28.85 I I· 362--1 

273, CS . I-1-1.7 h · 20 I S: 21 JU'05.79S 123 11 28.7711 . ](>23 

274 C9, 212.7 () 21 02:<-J(, 35°--1(>.22.\' 12~ 11 12.<-J(J/J' --10I2 

27.:' 'C9/ 212.7 (l 21 I2: IJ J.S 0 <-J(>. 25 i\' I 2-1 ° 12.4~ W -1013 

shirt of the signal backscattereu II 0111 water particles along lour column. The relative 

\'elocities <He made through <tCCllr<ttC kno\\'}edge or the ship's motion. Details of the 

J\ DCP can he found in ~ osro (I 985 ), RD I nstrumciHS ( I9S9). and i'vl oschovos ( 1989 ). 

The accuracy of the J\DCP is highly uependent on the quality of the ship's 

na,·igational datti used to com·ert the relative \Tiocities measured by the /\DCP into 

absolute \elocities. Variability or the ship's speed and direction and data collection in­

terval play significant roles in the ;\DCP accuracy and reliability. II these parameters 

arc not carefully integrated it will lead to considerable uncertainty in the final velocities. 

~osro ( 19~5) and ~ing (I <JS9) state accuracies of ~-5 cm 'sec in the U component and 

2-'-1 cm,'sec in the V component relati,·e to current meters. 



3. CTD 

Cnsts were made at 22 statious utilizing a :VI K I I I 1\eil Brown CTD probe with 

manuf~Icturcr sensiti\itics li !:> ted in ·1 able(). 

Tahle 6. J\IK III NEIL llRO\VN PROllE (IVIANUFACTURER'S SENSITIV-
ITIES) 

Variable Range Accuracy Resolution 

Pre~sure 0-3200 db + 3.2 db 0.05 db 

Temperature -3 to +32''C + 0.005° 0.0005°C 

C onductivitv I to <i5 mmho + 0.005 mmho 0.00 I mmho 

\Vater samples were taken at the bottom, 3000 m and 1000 m of each cast rrom which 

salinity Vi.llues were then detennined in the laboratory. The raw CTD data \\·ere cali­

brated using the bottle s~1mplcs. hgure <-1 ~hows the residual difference <Ifter calibration 

which has a standard deviation of 0.005. Table 7 gives details of the CTD survey. 

B. OAT A PROCESSING 

1. Pegasus 

The initial data processing was done by Tarry Rago using programs written at 

the Uni\·ersity of Rhode Island and modified for usc at the Naval Postgraduate School. 

Tra\·eJ times were hand-edited and converted to velocities to remove obviously bad 

points. and then vertically smoothed using a 30 meter I lamming halfwidth filter. This 

resulted in four independeut profiles for each Pegasus station, which could then be av­

eraged together to obtain an average velocity profile at the station with inertial effects 

partially removed. The result or the abO\e mentioned calibration was 3<-l profiles which 

\Verc used for the analysis. Two profiles of the cast 267 were rejected because insufficient 

good data were recorded. 

2. ADCP 

Briefly stated, the first step in processing the i\ DCP raw data is the calculation 

of ship's velocity Ii"om the navigation data. From this navigation data the U and V 

components or ship's velocity are calculated. 

The next step in processing is the initial determination of the depth to which the 

data of each ensemble remains reliable. The basic criterion for this step comes from the 

good percent or return echoes (BI0J STJ\TISTICS FILE). By subtracting the ship's ve­

locity from the a\·eragc velocity \Vithin the chosen reference layer, an absolute reference 
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Figure 4. Differem:e hetneen CTU salinity and laboratory determined salinity o\·cr 

the sampled range 

laver \·clocity for each ensemble is obtained. Tile series of absolute reference Yelocitics 

is then filtered ,,·i til low pass I l<lmming window filter. 

Once the absolute reference velocity is determined , tile velocity profiles of each 

ensemble \\'ith respect to their reference velocity arc also determined. thus yic!JIIlg tile 

final profiles of absolute \\'<.ltCJ' velocity. '!he profiles of absolute \'ciOcity arc th en (l\Cr­

agcd over the time interval lor each rtiil. Dct<Iilcd description of com·cning the rclati\·c 

velocities into absolute velocities is contained in theses of Reece (I 989) and King (I 989). 

The ADCP data \\·ere initially processed by ·I arry Rago using programs \\'rittcn 

by Paul Jessen of tile l\av<ll Postgr<H.luatc School's Occanograplry Department. The 

processed profiles were averaged O\'er 30 minutes in time and filtered vertically using a 

I lamming \\·imlow \\'ith a 2 bin haiC\\'idth . The reference layer chosen was 28-48 m, based 

Oil a "good ping" return of at least 95 percent in that layer. 

15 



Tahlc 7. CTO SURVEY 

Cast # / Dis- Date; Time (Z) Location Depth 
tance rrom the 
shore 

l '3.G2 <j .' I <i 213 7 3U120.06X 121°56. 2<-l lr' 47 

2'8.10 (),' 16 2232 36°20.07N 121"59.171V 100 

3/12.28 6: 1(i 2302 36"20. DIV 122UQJ.961V 128 

4.'17.21 6:16 233-1 36"20.1-IN 122"05.27JJI 301 

5.' 22.58 G, I 7 00-13 3<i"20. 15X 1221108.851 J' 673 

6 ' 2~.70 6.' 17 0 IJ~ 3U1211.0-I.Y 122nl3.0 Ill' 934 

7, 32.1J 6/ 17 0228 3611 20.07,\' 122"15.3-111' 988 

8,' 37.96 6 I 17 05-IU 36"19.94.\" 122°19.1511' 966 

9,'42.2ll () I l 7 O(i-12 3<J"20.05.\' 122'122.J.:UV 1202 

1o· .. n.6G 6.'17 0957 36°20.08:\" 122"25.721J' 1652 

11.'52.1 <-t 6'17 IIJ(l 36'120.09.\' 122°28.681 v 1851 

12 .' 58.56 6.' 17 2157 J(,~I'-J.98A 122°33.00JV 2202 

I 3,.'62.29 6/17 235--l 36" 19. 96;\ 12211 35.471 v 2615 

14 ()7.82 () ' IS 09¥) 36"20.06N 122°39.211 I' 3131 

15 , 72.59 (i ,' 18 1619 3G0 20. 26:V 122°'-l2.381J' 3170 

16 '81.25 6 ·I S 20-16 3G'120.00N 122°48.1/JV 3032 

17:88.42 (, , ·I~ 2308 3o" llJ. 9SS 122°52. 971J' 3250 

IS: l1l2.15 () ,' 1 9 I 2-15 J()n JlJ. 96,\ I ~Y102.20 JJ' 3569 

19 II 8.52 6192.328 3611 )5.61:\' 123°11.<)511' 33<-16 

20 ' 150.35 6 '20 05-10 36"fl6.70N 123"29.88 JJ ·· 3610 

21 188.07 <j '20 I J -13 35'15<J.76 ~\' 123115l.lJOIJ' 3930 

22 228.17 6.' 21 0312 35"-15.39N 12411 14.5811' 3842 

3. CTD 

Initial processing of the CTD data was conducted using programs \vritten by 

Jim Stockel. The data were edited for bad points and aYeraged into 2 meter bins. After 

precruise laboratory temperature and conducti\'ity calibration, an error still existed be­

tween bottle salinity values and "calibrated" salinity values in the CTD data file. To 

correct this error, conducti\'ity measurements were calibrated to water samples and the 

CTD data were further adjusted using the polynomial least squares regression fit men-
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tionc<..l before. Den sity, dynamic llcigllt, anJ gcostropilic velocities were calculated from 

the calibr;l!cd CTD data using P~nll Jcs">Cll's programs based on the equation of state, 

LOS SO, ( Fofonoff, J 9S5) and "dyn;unic method" as described by Fornin ( 196....J ). 
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Ill. ANALYSIS 

A. DESCRIPTION 

1. Hydrography 

This section first presents detailed descriptions of the temperature, salinity, and 

density fields. The results from these enable us to proceed further in the analysis of T/S 

clwracteri<;tics, spicincss and to distinguish the water masses in the area. 1 then try to 

approximate the lc\·el of no motion (Ll\:.\-1) using Defant 's method (1941). From the 

resulting Ll\: ~I I create the dynamic topography and gcostrophic velocity cross-sections. 

The results from these arc compared \\'ith the results taken using Ll\i\:1 500 and 1000 

dhars. 

2. Temperature 

Temperature profiles of the stations can be described better if they arc first di­

vided in three distinct zones as follo\\·s: 

• "SurCncc zone". This zone starts from the surface and extends downward to 100 
dbars. This is the zone which is allccted strongly from the atmosphere so the 
changes in temperature arc abrupt and distinct. One important characteristic in 
this layer is the \'ariation of the mixed la~cr depth (M LD). Starting from the shore 
(Figure 6) the \I LD is \'cry shallow and lies bct\\'cen 10 to 30 clbars. As the distance 
increases the :-.·1 LD increases too. reaching XU dbars at stations far onshore. From 
Station I to Station J S strong spatial changes of temperature occur, giving an idea 
that different water masses nrc in the nrc<.t. 1\t Station I the water temperature is 
the )O\\'CSt. rrom Station I to Station 5 (22 Km offshore) incrca5CS, further olTshorc 
to Station 9 (.:.12 . .:.1 Km offshore) decreases. Stations 9 and 10 mark the boundary 
of two difTcrcnt water masses. From Station I U to Station 13 an increase of the 
water's temperature is shown and further offshore to Station 16 a decrease. The 
picture becomes more clear ofrshorc Crom St<Hion I G \Vhcrc continuous increase of 
the \\·atcr' s temperature is sh0\\'11. 

,\nothcr intcrc~ting Ccaturc in this zone is the upward slope to\vnrd the cast 
of the isotherms in almost the entire range fi·om shore to Station 18. This \\'ill be 
discussed later in detail. 

• "Second zone or Thermocline". I name "Thermocline" the zone from 100 to 1000 
dbars to include all that happens in the layers where the temperature decreases 
(first rapidly anu then slmdy) until the water gets its permanent temperature at 
depth. Comparing the temperature profile of alJ the stations in this zone with that 
in the previous described zone, \\·c sec that temperature reveals the same trend in 
variability as in the previous with smaller magnitude. The upward bend of the 
isotherms close to the shore continues until the depth of 130 dbars and becomes 
steepest inshore. 13clow l30 dbars the isotherms bend downward and this happens 
until the depth or 600 dbars. 

Connecting these obscr\'ntions with those in the previous zone, we can say 
that: 
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figure 5. Spatial Yariation of trmperat me 

Except at the coast. relatively colder water can be distinguished bet\\'een 
Stati ons I and<) from j()() dbars to a depth of()()() dbars; abo\'e 100 n1. a lens 
or warmer \\"ater is fou nd. 

From Station 9 to Station I I the isotherms bend up\\'ard sho\\ing a cold \\'ater 
m;ISS at the surrace, coming Ultimately f'10111 greater depths. 

Bet\rccn Statiom I I anJ I (i \\'arm water co re can be distinguished in the upper 
b\·ers. 

Bet\\·een 500 and 1000 dbars there is a "ridge" of cold water at Station IS which 
separates warm in shore \\·atcr fiom warm ofl\hore water. 

Close to the shore strong upwelling occurs in the upper b:yers above to the 
depth of I 30 Jbars. 

• "Deep waters zone '" This zone includes the \\"aters belo\\' 1000 dbars. ,\t this zone 
the horizontal tempera ture remains almost the same Cor al l the stations and a rather 
strong layering of the water is observed. This can be co ncluded by the fact that the 
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isotherms arc almost horizontal and as the depth increases the temperature graui­
cnt becomes smaller. 

Temperature Yariahility bct.\\'ccn st<1tion pairs decreases with depth. For some 

station pairs the above rule fails in that the dillcrcnccs in temperature bct\\"Ccn the 

stations arc greater at greater depths giving an idea that these stations are the limit of 

two difTcrcnt \rater masses. 

3. Salinity 

Vertically, salinity in general mcrcascs as the depth mcrcases. I Iorizontally 

salinity varies as follows: 

e "Surface zone" (Surface to 100 dbars) rrom Station l to Station 5 (Figure 7) 
salinity decreases sllO\ring minimum at Station 5. rurther offshore to Station 9 
salinity increases showing maximum at Station 9. Station 9 is the center of a local 
salinitv hi~h between the fresh oJTshore water anu the fresh \\·atcr centered at Sta­
tion 5·. \\'cstward from Station 9 until Station 18 salinity decreases presenting 
minimum value at station l S. From Station 18 to Station 22 .salinitv increases 
slightly. In general the water mass landward fl·om Station 9 is saltc1~ than that 
oilshorc Crom Station 9. ;\s in the temperature case, the salinity isohalincs present 
U)1\\·ard sloping close to the shore starting from a depth 130 dbars. This means that 
salty \Yater rises from this depth close to the shore and amplifies the assumption 
or urn\·clling. 

• "llalocline" ( 100 to 1000 dbars). The picture is almost the same as in the surface 
zone \\'ith the difTcrencc that the changes of the salinity arc not so large in magni­
tude. I lori7ontally in this layer \\"c can distinguish two salinity peaks. One is at 
Stations 8 and 9, between the surface and 200 dbars! and the other at Station 16 
between 200 and 1000 dhars. i\ rclati\·cly large horizontally salinity variability oc­
curs bet\rccn 300 and 600 dbars landward of Station 15. This gives the idea that 
strong current shc;:1r may occurs at these depths. i\t depths greater than I 30 dbars 
isohalincs slope do\\·nward when close to the shore. 

• "Deep waters zone" ( 1000 to 4UOO dbars). llcrc the isohalincs arc almost horizontal 
presenting strong layering and the changes or the salinity with the depth arc very 
small. 1\o sloping or the isohalincs is observed \\"hen these close to the shore as in 
the previous zones. 

The positi,·c saline gradient with depth is greater at the upper 200 dbars and 

especially close to the shore, and becomes smaller as the depth increases. Salinity dif­

ference between the stations pairs (Figure X) closes to zero arter a depth. This may gi,·c 

a 11 idea where strong motion of the water masses occur, or where the level of no motion 

is. This depth varies and it is observed that going ofT"shore the depth where the difference 

closes to zero increases. 

4. Density 

From density profiles or the Stations (Figure 9) it is observed that denser water 

exists closer to the shore and lighter offshore. 
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Figme 6. 1\Iixed Ln)er Depth Y:uiation 

Describing the density profile or the stations in the same way as lor temperature 

and salinity, \\·e ha \·e: 

• "Sur f~1ce zone". From Station l to Station 9 we obsen'C fir st a decrease ol the 
densit~' until Station 5 <md then an increase until Station 9. i\ surface demity 
maximum is located between Stations 8 and 9 \\'hich indicates a surrace velocity 
shear. O!lshorc from Sta ti on 9 to St<Hion 19 there is a co ntinu ou<; decrease of 
density. This gi\'CS the idea th<tt water masses or different characteristi cs flow in the 
area. Beyond Station 20, the upper layer density is quite homogeneous. Concluding. 
in this zone the denser surnr cc water exists close to the shore and the lighter off­
shore. 

• "Pycnocline". 1\ s in the upper zone, in this zo ne the denser water is generally clo<;e 
to the shore aml the lighter ofEiwre. Bet\\'Cen 130 and ~00 dbars the isopycnals 
slope up\\·ard toward the cast except immediately adjacent to the bottom. Below 
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SOO dbars the i~opycnals arc increa singly hori zontal. In general in this zone density 
reveal s the same trend in variability as in the previous zone with smaller magnitude. 

• "Deep waters zone" BclO\\' 1000 dbar~ the isopycnals arc almost horizontal and the 
density gradient very small. 

Looking at the \vholc picture we sec that in the upper layers the density gradient 

with depth is large. As the depth increases the positive density gradient decreases and 

below 1000 dbars the gradient becomes almost zero. 

5. Temperature/Salinity characteristics 

Because the water masses mix with the surrounding waters very slowly, they 

tend to retain their original temperature and salinity. The distinctive temperatures and 
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salinities or these masses make it poss ible to identify them. The identification gi\'es us 

information on their place or origin ami the rates at \rhich waters of dilrerent origin mix. 

The T/S diagram generated using the data fr om June 1990 (Figure II ) can be 

studied, again by using diqinct depth 7.ones. 

• The first zone ran ges f'rom the surf<tce to 150 dbars. This zone includes the \\'ater 
li ghter than d en sit~· anomal~ (;·) 20.2 kg. m\ /\scan be seen in the diagram at the 
surl~tce \\'e ca n distinguish t\\'O different \\'ater mac;ses. one between Stati ons l and 
15 and the other bct\\·een Sta tiuns I() and 22. The denser anJ colder \\·a ter is at 
stations closer to the shore and the li ghter and \rarmer olrshore. In the upper 100 
clbars more stable \\'<tter lie~ at SUttions I to 16 and less at Stations 20 to 22. 

• The second zo ne ran ges !'rom 150 to 30() dbarc; (26.2 to 2(d) kg m'). 1\t this zone 
the \\'ater masses of all the st:llions present al111ost the s~1mc characteristics and 
have the sa me st<t bi I it~·. 

• Proceeding deeper to the third 7.onc lor 300 to 700 dbars (26.6 to 27.2 kg. m') the 
ricture fr om the T ,' S dia grams is more comrlicated and interesting. At ..tOO dbars 
Stations 12 and 13 present colder <Jnd less saline water than all the other stations. 
From 400 to 700 dba rs Swtions 17 and IS present colder and less saline \\'atcr in 
all the range of the depth. \Vater mass of stations 12 and lJ is less stable than the 
\\'ater mass of the other stat ion s (lnd at Statio ns 17 and 18 more stable than all the 
other stations. 

• Deeper than 70() dhars the \\'ater mao;s of all the stations has the same character­
istics and stability in all the range of depth. 
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0 

Relating these obscr\'ations with the water masses refcrcJ to in a previous par­

agraph and Tables 3 anJ .:..1 we ha \'c: 

• In the upper zone (0 to 150 dbars) North Pacific Subarctic \Vater mass mixing ,,·ith 
]'\;orth Central Pacific water is shown. Stations far oflshorc sho\\' greater temper­
ature due to location anJ remoteness rrom coastal phenomena (upwelling). 

• Subsurracc water, signified by the salinity high ncar the shore anJ more unirorm 
at depth, causes the bcnJ or the T /S curves to the right. Small variations in salinity 
anJ temperature at some stations is obscrveJ which make the picture more com­
plicated. Stations 12 anJ 13 show colder and less saline characteristics at the depth 
or 400 Jbars and similarly at Stations 17 and 18 in the range 400 to 600 dbars. The 
presence or this variability suggests a complex flo\\' regime. 

• Deeper than 700 Jbars Deep \Vater dominates in all the range of the depth. 
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6. Spiciness 

The following paragraph of the definition of spicincss was taken from Tisch 

(1990). 

"Spiciness n(O, s) is the state variable which is most sensitive to isorl~'cnal 

thermohaline variatiom and least corrclatcJ with the density ficlJ ( Flamcnt 19S6). 

Spiciness is useful for the descripti on of interleaving and double diffusive processes 

,,·hich occur at the bounJary het\\'Cen difTcrcnt \\'atcr types. \Vaters \\'hich arc \\'arm and 

salty have positive n \';dues while those which arc cool and fresh have negative n values". 

I'rom station I to station 22 in the upper 5U dhars the spicincss has positive 

values. The positive scale of the spicincss. ranges from 0 to 0.7, \\·ith the greatest \'(l)ucs 

Oil the surface and far on:,hore (Station 22). The high temperature Oil the suri~lCC at 

statiom far onshore from Station 15 is the reason for positi\'C spicincss values until the 

depth of 50 dbars although low salinity \\·atcr flo\\'S in the area. J\t greater depths the 

spicincss profile has negati,·c values below the depth of SO dhars . Below 50 dbar . a Icm 

of negative spiciness exists <.lt some stations. I lo\\·cvcr, at 200 dbar, a layer of posit i\c 

spicincss is round again. This layer shoals toward the coast \Vith a tilt similar to the 

isopycnals, reOccting coastal up\\'clling. J\ t depths greater than 300 dbars and in all the 

range offshore (Station I to Station 22) only negative values of spicincss arc sh0\\'11. 

Between 300 and 600 111. large variatiom in the depth of the -0.1 spicincss occur inshore 
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of station I 8. This indicates the discontinuous character of undercurrent \Vaters noted 

in the above discussion of T,'S properties. 

7. Lerel of no motion 

Parts of the following theoretical description of the LNM arc copied from 

r omin ( 1964 ). 

a. Dcfant's method 

Although there is not a universal objective method for determining the layer 

of no motion, I tried to find the level of no motion by Dcfant's method ( 1941 ). Ac­

cording to this method, \vhich is a method used in the open ocean, the level of no motion 

or the level where the current's speed is very small, is determined by differencing the 
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uynamic depth s or iso ba ri c sm f'accs a t a great 11 ll lllhcr or pai rs or neighboring stc~ti o n s. 

"The cons ta ncy of diOcrcnccs in dyrwmic depths indicates that the gradient component 

of current velocit y is comla nt a long the vertical in that l<rycr." By ))cf ~tnt's meth od it 

is accepted tha t the depth , or the range or the depth , \r herc the diOcrcnccs in dynamic 

depth s a rc co nsta nt is the layer or no motio n. " lnclccu, the curve ror the vertical uis­

t ributi on or di iTcrcnccs in the dynamic depths of isobaric surraccs is identical \\'ith the 

curve for the veloc ity co mroncnt of t ile gradient curren t tha t is normal to the profile. 

It is sufficient to multiply the d ificrc ncc in dy namic dep ths b:y (2(uLsinc/J) 1 to obtain the 

velocity or the gradient <.:uncnt with an accuracy to the constant ,-a }ue. This constant 

va lue is equal to curre nt ve locity at the sea strrf~tcc. So Dcfant's method of dctcnnining 
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the "Level of 1\'o \1 otion" is ba sed on anai~· sis of the vertical variation of the velocity 

of the current being computed by the dynamic method." 

b. Opcu oceau as.wmptiou 

""I he strict constancy of differences in the dynamic depths of isobaric sur­

faces of some depth interval means that the increments in dynamic depths between two 

levels arc equal at two neighboring stations i.e. 

(I) 

or 

(2) 

where: 

• !'J.DA ami !'J.Dil are the increments in dynamic depths bct\vccn the isobaric surfaces 
{'11 and {'11 ... 1 at station<; I\ and B and 

o CX is the specific \'O)Ume or sea \Vater. 

"Geometrically the above equation means that the areas formed by the 

curves for the vertical distribution of specific volume between surfaces Pn and p" ... 1 are 

equal at statiom A and B. I lcncc there is at least one depth in the (p", l'n~ 1 ) interval where 

the specific volume of water is the same at stations 1\ and B. If the distance between 

hydrological stations is small there is at least one horizontal isostere in the [pn.f\q] in­

tenal and the slopes of the isosteric surf~1ccs must be opposite in sign aboYc and below 

it." 

c. Result.~ for data of June 1990 

Figure ( 13) sho\\·s the vertical distribution of the difTcrcnccs in dynamic 

depths of isobaric surfaces along the Point Sur Transection. The arrows designate layers 

with similar cliflcrcnccs in dynan1ic depths, suggesting the reference layer depth. 

i\s we can sec from the gr(lph, the selection of the depth of the layer of no 

motion is somewhat uncertain. Close to the shore the depths where similar difTcrcnces 

occur arc shallow (less than 700 dbars), further ollshorc the depth increases and in some 

cases becomes greater than I 000 dbars. 

The fast t\VO curves (differences in dynamic depths between Stations 4 and 

5 and 5 and (,) show great change with depth, which means that the change or the cur-
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DifTerence in Dyn. height 

Dilfcrelll'l'"o in d} namic heights of neighboring stations. The arrows 

designate \\'here the \"CI tica) gradient o(' dynamic depths arc similar be­

tWeen stations. 

rent velocity \\'i th depth is large. The cuncs offshore Crom Station 8 exhibit a slight 

change with depth except bct\\'ccn Stations 10 and II which show remarkable change 

at depth 800 dbars. The above lead to the assumption that Stations 4. 5, and (i lie on 

the main stream or a current l!tl\ving north\\'ard \\'hose the velocities will be discussed 

later in the gcostropllic 's velocity section. onshore from Station s \\'C expect slight 

change in the velocities (mainly at depth) and a north\\'ard core at Stations 10 and II in 

depth. 

In many cases, as it is shO\rn in hgurc 1.1, \\'c have more than one depth 

where the layers \Vith similar dillcrcnccs in dynamic height occur. J\ccording to l)cf~ll1t, 

in this case the investigator has to decide the correct depth of L:\~1. In my case, I 

checked the the dynamic height diflcrcnccs bct\\'ccn the stations in pairs \\'ith the 

Pegasus and J\DCP results. I decided that a LN:VI between 500 and 600 dbars it is the 

most appropriate to be used to study the undercurrent close to the shore. This L.i\;\·1 

cannot give good results if \\'e want to check the currents further offshore. In this case 

a L:\0.·1 greater than 700 U\00 dbars lo oks to me most appropriate) has to be used. To 

get better picture or the current's velocity in the area usi ng on ly one L0::\1 for all the 

stations. I decided to usc L.i\\1 700 dbars . In this depth nwst of the differences sho\\' 
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constancy with depth and the Pegasus results girc zero V velocity. I believe that 

land,,·arJ of Station Y the usc or 500 dhars as U\ i\1 gives better picture of the under­

current. Offshore from Stati o n 9, u~c of ~on dh<trs gives the better picture. 

d. D~[(acnccs in dc/1.\ity bctii'C('n the statiom 

Another way to estimate the L;\i\1 is fi·om the difT~rencc iu density between 

the statiom pairs. It is based on the same principles or the Dd~wt's method and it comes 

through the theory \\"hich it is described in detail in Fomin ( 1964). The result is that the 

L)J\f can be estimated to be the depth where the horizontal pressure gradient between 

stations is zero. 

r o llo\ring th e abo \·e I tried to lind the depth s wh ere the difTercncc in den­

sity between the station pairs is equal to zero. I founJ that going offshore the Jepth 

\Vhcrc the difTcrcncc of density closes to zero increases. Landward of station 8 the depth 

where the JifTcrcnce close~ to zero lies bct\\·cen 400 anJ 600 dbars. further ofTshorc 

ranges between 800 and 1100 dbars. 

Comparing these results with the results from the Dcfant 's normal method 

(diflcrenccs of dynamic height), I clccidcd that the )eYe! of no motion for the Stations 

to 8 is about 600 dbars and for the stations f'urther offshore , 800 to 1000 dbars. 

e. Salinity J'tniation between the stations in pairs 

The above results become more reliable when we compare these with the 

salinity distribution. If we take into mind that the water velocity shear causes salinity 

variations and, from the other side. motionless water usually is homogeneous! then tak­

ing the cli!Tercnces in salinity between the stations in pairs we get about the same results 

as above. 

The depth \\"here the diflcrcncc in salinity closes to zero landward of Station 

~is about 400 to/()() dbars, at stations offshore from Station 8. 800 to 1100 dbars. Most 

of the stations show a depth GOO db(lrS. So based on all the abo\·c I decided to usc as 

L:\:Vl 700 ubars as the most representative for the area to procccJ finding the 

gcostrophic velocities . 

S. Dyuamic topography 

a. Dynamic topography for 500 dbars 

For the first 4 stations the programs diJn ' t give dynamic height values. 

Further offshore "I Jigh" anJ "Lo,v" occur as are shown in Figure 14. From Station 5 to 

Station 9 (23 - 42 km) the dynamic height decreases giving the lowest value at Station 

9 ( 42 km). OfTshorc from Station 9 the dynamic height increases giving the highest value 

at Station 20 ( 150 km). According to the above \\·c can say that land\\·ard of Station 9 
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we expect 110\v going northward wh ose the velocities will be given Ill the geostrophic 

velocities plots. Station 9 it is expected to be the limit of two different flows . Due to 

continuously increa sing of the dynamic height values offshore from Station 9 a broad 

southward current it is expected until Station 18 ( 100 km), and southeastern until Sta­

tion 20. further offshore to Sta ti on 21 (I 90 km), the direction of the flow is expected 

to change to the northwest. 
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b. Dprnmic topography .f(n· 700 dbars 

For the first 5 stations the DY!\IIGT program diun't give values of the 

uynamic height because the stations arc too shallow for the LNM 700 ubars. From 

Station 6 to Station 9 (29-43 km) the dyllamic height decreases showing the smallest 

value at Station 9. Further offshore from Station 9, the uynanlic height values increase 

giYing the highest value at Station 20 ( 150 km). From Station 20 to 21 ( 190 km) the 

dynamic height values decrease. To connect this changing of dynamic height with the 

\Vater flows \Vhich we expect, we can say that from Station 6 to Station 9 we expect a 

northward current whose the ofTShorc limit is at Station 9. Further offshore to Station 

20 \Vc expect a broad southward current and more offshore to Station 21 a nortlnvcstcrn 

Oow. 

Taking into account the dynamic height differences between the station 

pairs we expect the core of the northward current close to the shore to be between 

Stations 5 anu 6 (23-29 km). The velocities of this current will be given later geostrophic 

velocities section. 

c. Dynamic topograglry for 1000 dbars 

Until Station 8 (38 km) no dynamic height can be computed because the 

stations arc too shallow for the uscu LNi\L Further offshore the dynamic height of the 

stations increases with the highest point at Station 20 ( 150 km). i\ccoruing to the abo,·c, 

from Station 9 to Station IS ( 42-102 km) we expect southward How. Between Stations 

18 and 20 (I 02-150 km) southeas.tern Oow and bct\vecn 20 and 21 ( 150-190 km) north­

wcstcm. The important information which is given in this graph is that the lowest value 

of the dyn. height still remains at station 9 so this station can be accepted as the 

landward limit of the broad southwaru current. 

9. Velocitit's 

a. Geostropllic J 'efocities 

\Vhcn high pressures arc on one siuc and low pressures on the other, motion 

of the water starts rrom high to low. As the motion starts the Coriolis force acts and 

deflects the \\'atcr to the right in the northern hemisphere. i\s the water is deflected the 

Coriolis force will always be perpendicular to the new deflected motion and turning of 

the current will continue until the Coriolis force opposes and balances the downhill 

component of the gravity force. \Vhcn this stage is rcachcu the \Vater will move along 

the topographic contours and gcostrophic motion has been generated. This gcostrophic 

motion will continue inclcfinctcly if friction is absent. Profiles of the gcostrophic veloci­

ties ha\'C been drmn1 for 3 levels of no motion as follows. 
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The big picture includes a nortll\\'ard flowing current clo~e to the shore 
and a south\\'ard current offshore from Station lJ. Further offshore from Station 
IS southeastward now it is shown \\'hich actually is the southe<1St\\'ard component 
of the south\\'ard current \\'hich is mentioned before. 

The greatest depth to \\'hich the cmrents extenJ and the speed or the 
currents with depth vary as follo\\'s. The north\\'ard llo\\'ing current close to the 
shore presents the greate st speed at a Jeptll 150 Jbars anJ it is 36 em sec. The 
north\\'~HJ flow penetrates to 500 dbars bet\\'een Suttions --ll!nJ 5. The ~outh\\'ard 
flowing current sho\\'s the greatest ~peed at the surf:tce (between Stations II and 
12 and Stations 17 and 18) anJ 3(J cm'scc. It is a sltallow current anJ its greate~t 
depth is 300 dbars. 

• Geostrophic velocities for Lj\;\1 7UO db~u-s. 1:rom Station 2 to Stati on 9 a 
northward current i-; ~!town. The core of' thi s is located at Station 5 and the max-
1111Um velocit)' 3() cm 'sec. Olhhore !'rom Station l) ~~ hroaJ ~outh\\'arJ current is 
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shown whose the maximum velociry is 32 cm,' sec and extends until Station 18. Due 
to the change in the orientation of the line of the casts from Station 18 to Station 
20 a southeastern current is shown which actually is the southeastern cornponent 
of the previously mentioned southward flowing current. Offshore of Station 21 a 
northwestern llow is shown \vhich is restricted in the upper 300 dbars. 

• Geostrophic velocities for LN M 1000 dbars. 
As in the previous case the big picture for LNM 1000 dbars is a nortlnvard flowing 
current close to the shore until Station 9 (43 km offshore) and a southward current 
offshore from Station 9 to Station IS. Further ofTshore southeastward flow is 
shown until Station 20 and northwestward until 21. The southeastward flow actu­
ally is the southeastward component of the southward flow mentioned before. 

Greatest speed of the northward flowing current is 44 c1n'sec, at 150 
dbars and the greatest depth 800 dbars. The southward flowing current shows 
greatest speed 32 em/sec at surface and greatest depth 900 dbars. 
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figure 17. Geo~trophic Yelocitie~ for LNJ\1 1000 dhars 

J\11 three L0:\l give about the same picture; a relatively strong north\\'(trd 

flow close to the shore and a south\\"ard !low funhcr on·shore of Station 8 or 9. Trying 

to compare the results from the three used L0: \I, \Ve sec that as the depth of L~\1 in­

creases stronger northward velocities arc shO\\·n close to the shore. i\lorc, as the depth 

of the U\\1 inc.:rcasc.., the north\\'ard l1o\v i~ sho\\'n wider reaching to a diswncc 72.5 hm 

offshore (Station 15). The n.~~ults from these lwvc to be compared \\'ith the re sults rrom 

Pegasus, A DCP and J\ VII RR for better n:sults. 

Something \\·hich wasn't mentioned in the three geostrophic profiles, but 

which is present in Figure I C1, is the southward llo\\"ing coastal jet. This is the result of 

the strong fa \'orable for up\relling \\'ind~ and it is restricted close to tlte shore. It pre-
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scnts its maximum spceu at surface which ts 10 cm,' scc. It IS a very shallow current 

carrying mainly cold upwelled \\'atcrs . 

b. Pega.ws 1 'c/ocities 

( 1) T · T ·clocitics. 1\s was mcntioncu in a pre\'ious paragraph, the starting 

point or Pegasus SLH\'ey is 33 km o/fc,JlOre. The first Se\ en stations start from 36°20.12 

:'\and 122°16.22 \V and extend westward, laying on the same parallel and arc at 10 km 

inten·aJs. This arrangement giYes the ad\·;.mtagc lor better co\·ering of the area closer to 

the shore and the chance to study the current close to the shore. 

To study the currents in the area \\'ith Pegasus, I found the V \·cloci­

tics first lor the drops 25S. 259, 2<>2. 2o3, 2oo, 2<iS, 269. 272, 274 (first run) and second 

[or the drops 260, 26 I. 2G4, 2()5, 270. 271, 273. 275 (second run). 

To examine the reltltionship or the V velocities in each station for the 

first and scconu run in the upper 40U dbars, I a\·eraged the V velocities in bins of 20 

dbars and examined the mean and the standard dcYiation of the V velocities horizontally. 

As it \\·as c:\pccted the the greatest nortll\\·a rd mean Yelocities occur close to the shore. 

Offshore from Site C4 the mean Yclocitics arc southward until Site C9. Site C9 shows 

again \\·eak northward Yclocitics in all the range of" the depth (400 dbars). The greatest 

values of stanu<trd deviation occur at sites close to the shore and upper layers and the 

smallest oO~I10rc. This gi\·es an idea that the north\\'ard undercurrent close to the shore 

experiences great V velocity variations caused by diflcrcnt forces, as for example inertial 

motion, \\'inds. intetnal W<l\"CS, tidal \\'aYes. etc. Current meters data for the same period 

show that the inertial motion can cause variation of the California Undercurrent's Ye­

locity of up to 4 cmlsec. Tidal constituents can aOcct the current's velocity up to G 

cm,' scc (Sielbck, personal communication). laking these information into account, we 

can justify some\\"h<tt the large Yalues in standard deviation. But I bclic\'e that further 

study of the problem with current meters data is needed for better results. Of course in 

these high stanuard de\·iation indications \\"C cannot c:\clude the device's errors and po­

sition errors (dillcrcnt position of mc<~surcment in the first and second run). 

The a veragc velocity of the two runs should cancel some of the eflccts 

rrom all the ractors which cause the variations and give a more integrated picture of 

what happens in the area. Figure 18, \\·hich gi\-cs the a\'erage velocity cross section, 

shows details of three flow regimes. Pole\\'md flow is shown in the upper 700 dbars until 

the distance 72 km offshore. This current is strongest at the upper layers (almost the 

sud~1ce) and weakens as the depth increases. The maximum speed of this is 32 cm,scc, 

the core of which is located at a depth 40 m. 
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Olhhore from Pegasus Site C5 (72 km) to Site C7 an etJllatorw;nd 

flow is shO\\·n in the upper 1-lOO dbars. The gre~llc~t n:locitics arc on the surf~tcc. ·1 he 

core of this Jlo\\: is located at IU2 km olfslwrc and the greatest speeJ is 2-l em sec. The 

southwarJ flow extents to a distance 180 km offshore. 

1-"mthcr ollshorc Ji·orn I ~0 km the Jlow becomes northward but the 

spccJ of this docs not cxcceJ to 10 cm'scc. The vertica l extent of this far oOshore 

polc\vard Jlo\v is 800 dbars. t\ t Jcpths greater than 1500 dbars the along~l10re vclocities 

are southward and in most pla ces arc almost zero. 

Relating these re sults with Chelt on's suggestions (alongshore 

gco~trophic velocities at 150 Jbars < 10 em sec <md SOLllh\\"<trJ llow dming June) . \\·e 

37 



conclude that the velociti es in thi s case arc much different than that of Chclton's, who 

suggested southward flow during this period. Com pat is on of these with the geostrophic 

\·clocities for L;'\i M 700 dbars discu ssed hefore, gives the same picture. Strong northward 

flo\v close to the shore and southward less strong flow offshore fi·om Station 9. i\t depth 

the northward flow close to the shore flow extends further oflshore to Site 12. Com­

paring these results \Vith the geostrophic velocities of pre\·ious studies of NPS students 

for about the same period, (Table 2) it is observed that these velocities arc higher. 

f7igure I 9 gives the cross section of V velocities for the first and sec­

ond run and the opportunity to check for the differences or similarities between the two 

runs. The first run shO\\'S a strong northward flow close to the shore extending 83 km 

offshore and at a depth 650 dbars. The greatest speed of this is 32 em/ sec at a depth 50 

dbars. At distances greater than 83 km ofTshorc, a soutlnvard flow is shown which ex­

tends until I 90 km oOshore. This southward flow looks slower than the previous 

northward, but wider and shallower. The greatest speed of this is 24 em/ sec on surface 

and decreases downward. Some southward and relatively strong cores appear to be 

generated at depths but below 1500 dbars all these diminish so at greater depths no 

motion is shown. Further offshore fi'om 190 km northward flow appears with small ve­

locities (smaller than 8 em/ sec). These northward velocities extend downward to 800 

dhars. Deeper than this depth weak northward cores appear in all the range of the depth 

(4000 dbars). 

As in the first run. second run shows a strong northward flow close 

to the shore extending at the surface 95 km off~horc. This northward flow is strong in 

the upper layers and weakens as the depth increases. The greatest speed of this flow is 

32 cm,' sec a t a depth 30 dbars and closes to zero at a depth 700 dbars. From 95 km 

offshore to I 90 km offshore a soutln\'ard now is shown. This soutlnvard flow is stronger 

at the upper layers and weakens as the depth increases. Maximum velocity of this flow 

is 28 cm,'scc at a depth 30 dbars and weakens as the Jcpth increases. Some cores of 

stronger southward flow arc shown at depths greater than 500 dbars to 1300 dbars, 

\\·hich diminish after 1300 dbars. Offshore of 190 km northward flo\V again is shown with 

smaller velocities than the previous two flows. This northward flow extends downward 

to a uepth of I 000 dbars, at greater depths no water motion is shO\vn. 

Uoth cross sections show clearly the California Undercurrent Bowing 

northward with the core located at a distance less than 33 km from the shore and depth 

50 dbars. The width of the northward Oo\ving undercurrent on the surface in the second 

run is greater than the first leading to the assumption that external forces as the wind 
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Figure 19. 
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and tides may arrect the undercurren t at suri~ICe. This may be related to the 1'\\V wind 

because the winds become st1 anger Juring the time inten·al from the first measurement 
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of the Sites Cl and C2 to tile second. It is cxpecteJ such a wind will cause an offshore 

increase of wiJth of the northwarJ flowing undercurrent. This increase is due to the 

Corio lis force which Jeflects the water to the right. The picture of the soutlnvard flowing 

California Current looks almost the same for the two runs giving the core at 110 km 

oJTshorc. 

The important conclusion is that in both cases the general picture is 

the same, presenting strong the northward flowing California Undercurrent and the in­

shore branch of the southwanJ flowing California Current. 

Tahle S. SUMl\lARY Of TilE PEGASUS RESULTS 
Flow charac- VI (I<~ \'2 (2 '"1 V (./\ vcr- U} ( lr/ U2 (2"d U (Av-
tcri stics run) nm) age) run) run) erage) 

\Vidth (km) < 63 < 8-l at < 75 < 62 < 82 at < 52 
sfC and sfc and 
< 54 at < 4() at 
50 dbars 50 dbars 

Depth (Jbars) ()51) 70U 65() 71HI 71)0 700 

Direction ?\orth !\:orth 0-"orth \Vest \Vest \Vest 

Speed 32 32 32 16 16 16 
(em ~ec) 

Core's dis- < 33 < 33 < 33 < 
..,.., 

< 33 < 33 jj 

tance (km) 

Core's Jepth 
(dbar~) 

50 50 50 sfc sfc sfc 

\ViJth ( km) 6~ - 17-l S-l - 193 75 - I RO 62 - 220 82 - 220 52 - 220 

Dep th ( dhars) 3!1() 3(J0 ]00 ()00 -lUO 600 

Direction South South South East Eas t East 

SpecJ 24 28 2-l 20 20 20 
(em ·sec) 

Core's eli'>- 105 110 I JO lf\0 150 150 
tancc (km) 

Core's depth sfc s!C sfc 70 100 100 
(dhars) 

\Vidth (km) > 17-l > 193 > lSO 
Depth (<.!bars) soo I O!JO 1000 

Direction 0-"orth 0:orth 1\orth 

Speed <. 8 < 8 < 8 
(cm 'sec) 

Core's dis- > 210 > 210 > 210 
tancc (km) 

Core's depth 
( Jbars) 

sJc 70 sfC 
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(2) U J'clncitics 

1\s \\"as done for the V \'clocitics, I tried to examine the relationship 

of the U velocity lor e;Ich st<Ition ror the first and the second run looking at the mean 

and the standard de\·i;Hion hori;_onwlly for c\·cr:y 20 bins .. , he standard deviation values 

show that the greatest variation of the U velocities between first and second run occurs 

close to the shore (Sites C I. C2) ~md mainly in the upper li.1ycrs. The main reasons which 

cause these variations, it is e<.tirnatcd, arc the same as for V velocity (tidal \\·aves, \\·ind, 

navi~ation errors, etc). Taking into mind that wind can cause remarkable increase or 

decrease of the U velocities and checking how the wind velocity changes from the first 

to second run \\"C expect such peat ,·~!lues of standard deviation. 

The conclusion f'rom tile study or the standard deviations of the U 

and V velocities is tlwt the greatest variations occur close to the shore. and mainly in the 

upper layers. This leads to the <Isstunption that an external factor mainly causes these 

variations. This external factor should be the wind. \Vhich causes the inertial motion and 

afrects the current's velocities or tides etc. This h<Is to be investigated in the future with 

current meter data to form a better picture of the short term variability. 

Figure 20 gives the average cross .section of U velocity including the 

results of all these factors which cause the velocity variations. In this picture arc ob­

served three flow regimes. The fir st one, close to the shore, is a \Vcstward surface current 

which starts fl·om the surface and extends to a depth 750 dbars. This flow is stronger 

close to the shore and \\'e;Ikens as it extends ofLsl10re about 70 km. The maximum speed 

of 20 em,· sec is on the surface. The second regime is an eastward ·Jandward flow starting 

f'rom 70 km offshore and c.\tcnding all the way of1~shorc to Sites C9. The maximum 

speed of this i!> 20 em: sec ob~en·ed on a depth I (JO dbars. but as the depth increases the 

current ,,·cakcns. Between Sites C8 <tnd Cq this flow is extended to a depth of650 dhars 

but between Sites CR and C6 the in~horc current extends all the way down to the bot-

tom. 

Finally there is a weak ofT.shorc flow between Stations C8 and C9 

\\'hich starts at a Jcpth 650 dbars and extends downward to the bottom. This weak 

offshore flow doesn't exceed the ...J cm;'scc and iii most of the places is approximutcly 

zero. As it is shown in Figure 25 \\'C sec two centers of the flow. One center for the 

offshore flo\\' and one ror the inshore flow. ')he center or the offshore flow is located 

close to the shore at a distance 30 km from the shore and depth 30 dbars. The center 

of inshore llow is located at a distaiiCC 155 kn1 o!Tshorc a11d at a depth 165 dbars. 
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figure 20. Pegasus U Velocities. Average relocities of the runs 

To compare the U velocities or the first and second run, a description 

of the U velocities cross section follows for the two runs (figure 21 ). The important 

conclusion from this description is that the picture of the two runs is about the same. 

The effects of an external force (mo~t possible the wind) are shown clearly \Vhere 

strongest west\vard velocities occur at the second run due to the increase of the wind 

force during the time period between the two runs. 
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Figure 21. 
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The first run (the clrop 11UJ1lbcrs given abo\'e) shows wcstwnrcl now 

close to the shore until the Site C.t This west\Yard flow extends Jo,,·nwarJ to 700 dbars 
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below of which becomes eastward. Oll'shore from Site C3 eastward velocities are shO\vn 

\\'hich become stronger as the distance ollshore increases. Largest velocities occur in the 

fi1 st )(H) dbars. J\t greater depths these Yclocities become smaller than 2 em/sec. J\t 

distances ISO km ollshore and below 1000 dbars weak westward flow occurs. As the 

depth increases this ,,·eak westward flow approaches to zero. 

The second run gi\'eS about the same picture as the first run. Close 

to the shore westward velocities occur, '"hich at the surface are stronger and reach to a 

distance of 82 km offshore. /\s the depth increases the speed of the westward flow be­

comes smaller and below 1500 dbars depth no \\·estward flow occurs. Offshore fi·om 

Station C(j a stronger eastward flo\\· occurs. The strongest velocities occur close to the 

surface and reach to a value of I 6 cm,'sec. As the depth increases the flow \Yea kens and 

at the depth of 500 dbars no eastward motion is shown. Deeper than 500 dbars (600 to 

800 dbars) an east\\'ard llo\ving core is showu which disappears after 800 dbars. In 

grea tcr depths no water motion is shown. 

(3) Pcf!asus plan riew 

Figur·e 22 presents the Pegasus determinCil· velocity vectors at three 

depths (10. 110 and 210 dbars). The Undercurrent flows northward following the local 

trend of the isobaths with a larger offshore cornponent at the surface. The surface flow 

may be influenced by the local upwelling at Point Sur. The flow reversal seen at Site C6 

marks the transition from the UnJercurrent to the California Current. Farther oflShore 

at C9 the meander tendency of the.California Current is observable by the velocity vec­

tors . 

c. ADCP Velocities 

To get the A DCP U and V velocity profiles, I used the time that Pegasus 

instrument was dropped into the \\·ater ami the time that the Pegasus surfaced. On the 

basis of these tin1es and using 30 minutes time intervals ( 15 minutes before and 15 min­

utes after) I plotted the U a11d V velocities for the first and the second run as defined for 

Pegasus. This allows a good comparison of ADCP and Pegasus data. 

( 1) V Velocilies 

The average J\DCP V velocities of the two runs show: 

• Close to the shore to a distance 65 km offshore, pole\vard flow whose the maximum 
speed is 32 em/sec. The core of this pole\\'<lrd Dow is at a distance 32 km onshore 
and the depth 40 dbars. The greatest depth of this poleward flow is 340m. 

• rrom 65 km offshore to 170 km offshore equatoward flow occurs. The core of this 
Dow is at II 0 km offshore and the at a depth 30 dbars. The highest speed is 28 
cm 'sec and occurs close to the surface. In general the speed of this current is 
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figure 22. Pegasus true Yelocities 

Smaller than the speed of the pole\\'arJ Oow close to the shore. i'urther offshore 
f"rorn I 70 km the flow is again nortln\"anJ but quite smaller than the inshore regions. 

To examine the relationship (sirnil <nities/difTerences) between the two 

runs a description or tllem follows which shows clearly that both or them gi ve the sa me 

results with the exceptions that in the second run: 

• The north\\';ll·d Jlowing California Undercurrent extends f'urther oflsh ore than Ill 

the first anJ 

• J\t diqanccs greater than 170 krn there was no nortlnvard Oowing current on the 
surface. 

Both exceptions lead to the assumption that phenomena like inertial motion, \Vind or 

tidal waves afTect the cunents in the area. 
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Figure 23. 
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AUCP V Velocities. Top first run. Bottom second run 

i\ DCP V velocities for the first run show strong northward flow close 

to the shore until a distanse 40 km offshore. This strong northward Dow occurs in all the 



range or the depth ( ·-WO m) with <dmost the ~a me strength. From -40 to 170 km southward 

flow occms. This flow is shO\\""n stronger in the upper la).el s and we<~ kens as the depth 

increases .. The grcate<;t \'C)ocity is 2~ em ~cc ;It a depth or 30 dbars .. La st, offsh ore rrom 

170 km nortlm·ard flow is ag;tin sh0\\'11 with stronger \clocities at surl<.1ee .. TIIe~c c:-- tend 

to \\""hOle the range Of the depth 4!10 dbar'>. 

V velocities or the ~ccond run present quite the same picture as in the 

prC\'JOUS case. The only diflcrencc is that in the upper 30 dbars and offshore from 170 

km, we don't get the north\\·ard \\·cak velocities as in the previous case, but these start 

alter this depth .. 

Comparing the 1\ DCP V \'clocitics plots with the Pega sus \' vel oci ­

ties, we sec excellent correspondence. Northward flow close to the shore in the upper 

700 dbars (this depth cannot be seen in the ADCP plots) with greatest speed 36 cm 'scc. 

and south\\""ard weaker beyond <.12 k.m offshore at surface and ()() kill at depth .. ons hore 

fi-om 170 km northward \\·cak. flo\\"" again occurs .. 

( 2) U l""rlncirirs 

The averc1ge U \clocitics show: 

• Close to the ~hare a westward flow. \\'ith the velocity greater at the surlacc and 
decreasing a~ the depth increases. ·1 he wcst\\""<.Hd flow is shown in all the range ol 
the depth (400 m) and it is stronger closer to the shore .. -I he offshore limit of this 
flow is at 35 km from the shore. 

• At 35 k.m oO\horc an cast\\·ard now \\hose the velocity increases as the distance 
ofic;hore increases. At 115 km ofhhorc the eastward flow reaches its ma:--imum 
speed on the surf~tcc. J·""tnthcr offshore the surlacc speed decreases. 

• At 175 km ofEhorc. a \\-estward flow appear~. This flO\\"" occurs onlv at surface 
becau<;c below ()(I dbars ;m eastward and relatively strot!g core flo\\""S \Vhich extends 
do\\'nward to <.lOU 

ADCP U \-c)ocitics lor the first and second run give the same picture 

in the area. 

• \Vestward flow at the sut lace close to the shore, which shows in a distinct \\·ay the 
procccss ol the ll)1\\""clling and 

• East\\'ard f1ow at distances greater than 45 km lro111 the shore to I 65 km .. 

• \Veak westward flow ag~1in alter I 65 km offshore. 

Comparing this with the results lrom Pegasus measurements we get 

an excellent correspondence. Table 9 gives an integrated picture of U and V velocities 

in the a rea measured by the ADCP. 
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figure 24. ADCP V Velocities. Average velocities of the nms 

I 0. CUC Transport 

The CUC transport was calculated by first dividing the whole cross section of 

the cue in smaller sections and then was taking into account the most appropriate 

speed for the section. The result is that the Undcrcunent's northward transport during 

June 1990 was 2.9 Sv. Relating this value \Vith previous results we sec that the cue for 

June 1990 shows a medium size transport. 
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Figure 26. AOCP U Velocities. An·rage n~Iocities of the runs 

The Advanced Very I Iigh Resolution Radiometer (A VI IRR,'2) instruments, 

carried on the TI ROS-1\ .' i\OJ\i\ series or polar orbiting satellites, arc used to obtain Sea 

Surface Temperature (SST) images for the study region. The A VHRR/2 instruments 

measure emitted radiation in five \vavelcngth bands, visible (0.6-0.7 tl m), near infrared 

(0.7-1.1 fJ. m), anJ thermal infrared (3.5-3.9 fJ. m, 10.5-11.5 JL m). Using the thermal 1 R 

bands enables estimation or the sea surface temperature, correcting for atmospheric 
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figure 27. A\'IIRR IR Im:~ge 

contamination (!'vlcClain et al. I1J8S). The s~ttcllite d<lta were first calibrated and na\i­

gated to Earth coordinates. \Vhell possible. temperature \\'<lS COlllpLitcJ pixel by rix.cl. 

followed by land masking and cloud detcctil)ll. 

Data for 20 June 1990 arc given in figure 27. Starting from ofTShore to tile 

soutln\'eSt the ocean is obscurrcd by a \\'<tllll cloud \Vllich extends to the northeast hair­

way bet\\'een the Stations 19 and 20. lite \\'~11111 temrerature of the cloud indica tes that 

this is very low. The rest or the image appears clear O\er the ocean. I :o ur distinct cokl 

water sources are observed norrh of 35 ° N. One at Point Lorcz, second at Point Sur. 

third at Pt Ano Nue\·o (north or S<lnta Cn11) and the last at Pt Reyes . Plumes of colJ 

water (light grey) extend ;nvay from these sites. The Pt Sur tramection at 36"20' N ap-
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Tahle 9. SUMI\IARY OF THE AOCP RESULTS -

FlO\\" charac- V 1 (I,, v 2 (2"d V (i\ ver- U 1 (I,, U2 (2~d U (/\ v-
teristics run) run) a~c) run) run) erage) 
\ViJth ( km) < 55 < 55 < 55 < '-15 < 45 < 42 
Depth (clbars) 4()() 3 .~0 350 400 30 400 
Direction 1\orth 1\orth -:\ orth \Vest \Vest \Vest 
Speed 32 2S 28 16 24 22 
(em.' sec) 

Core's dis- < 33 < 33 < 33 < 33 < 33 < 33 
tance (km) 

Core's depth 
(dbars) 

50 50 50 sfc src sfc 

\\'idth (km) 55 - 155 > 55 55 - I SO 45 - 165 '-15 - 165 40 - 150 
(sfc) and (sfc) 
45 - 220 and to 
(below 220 be-
30 low 30 
dbars) dbars 

Depth (dbars) 400 I(Jl) 220 '-100 400 400 
Direction South South South East East East 

Speed 
(em ' sec) 

28 28 2'-1 20 16 14 

Core· s dis- 100 115 I 10 175 155 160 
tance ( km) 

Core's depth 
(clbars) 

30 30 30 240 150 180 

\Vidth (km) > 170 > I (15 > 18U > 135 > 165 > 150 
Depth (dbars) 400 30 - 230 400 sfc - 30 sfc - GO sfc - 50 
Direction -:\" orth 1\orth 1\orth \\'est \Vest \Vest 

Speed 
(em. sec) 

16 4 8 4 12 8 

Core's dis- 2IO > 2IO > 210 155 > 210 180 
tan ce (kml 

Core's depth sfc 50 30 sfc sfc sfc 
( dbars) 

parently bisects t\vo of these plumes as indicated by the colder surface water from 

Stations 1-5 and 10-15. Offshore of Station 15 warm water (dark grey) appears again 

\\·hose the temperature increases as the distance offshore increases. 

The satellite image related with the velocities and phenomena discussed previ­

ously suggest that the cold \Vater close to the shore comes from Pt Sur. Offshore the 

water is strongly affected by a cold plume derived from one of the northern sites. 
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According to the Yclocity descriptions off Point Sur, close to the shore warm 

poleward flow extends to a distance 75 km orrsho re with the core at 33 km. ln addition 

\\·cst\\·arJ flow tak es pbce strongly illlCcted by the \\·ind stress and amplifying the up­

welling in the area. The above leads to the conclusion that close to the shore the waters 

coming up arc mixed with the warm northw~m.J flowing current and lie in the area ex­

tending westward. The ~trong upwelling close to the shore extends onshore to Station 

5. Between Stations 5 anJ 10 there is a tongue or \\·ann \Vater separating plumes or 

colder upwelled water. 

Offshore from Station 10, as it was mentioned earlier, cold \Vaters again appear 

on the surface. Recalling the \ clocitics section dc~cribed before. ollshorc fi·om Station 

10 the California Current appears on the surface Ilowing sou thward. This gives the idea 

that \\'atcrs coming from the north arc in the area. Figure 27 shows clearly the phe­

nomenon. The cold waters <IJ'pearing in the area arc the \\-~Hers of the two northcm 

upwelling centers. These waters came up from a depth and then because of upwelling 

fa\·orablc winds were dra\\·n south\\·ard and afrcct the area between Stations 10 and 15. 

Further oiTshore fi· om Station 15 \\·arm waters cover the nil area becoming 

wanner as the distance offshore increases. llerc the upwelling centers do not affect the 

sea surface temperature . 

Stations 20 to 22 arc under the clouds and the sea surface temperature cannot 

be detected. 

ll. DISCUSSION 

The poleward undercu rrent (ner and along the continental slope has been obscn·cd 

at several latitudes between Baja , Ca lifornia and Vancom·cr Island. According to Tibby 

( 1941) and Reid ( I <158) indirect C\"ide nce or this flow is clearly visible in the large-scale 

temperature-salinity charactcri~tics of coastal \Yatcrs as northward-tending tongues or 

rclati\·cly \\'arm, ~aline \rater. \I ore detailed st udi es of particular regions also show a 

concentration of waters of more so utherl y· origins along the continental margin (e.g., 

\Vickham, I 97 5; Reed and I !a lpcm, I 9HJ). CIIclton ( 1 98~ ), from an analysis of CaiCOFI 

sections off Point Sur describes that the UIH.lcrcui rent off Point Sur, is confined to the 

continental slope region \\·ithin 7 5- 100 km of the coast. This nearshore poleward flow 

at depth is absent March-i\ la y. It first appears ill June-July and is present through 

fchruary. The poleward llow extends all the \\·ay to the surface from October through 

I'cbruary with maxillllllll poleward velocity at '>urbcc in December ( 14 cm 'scc). During 

the remainder of the year the maximum polC\\·ard flow is below the surface. According 
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to the same study, the undercurrent off Point Sur was uevcr observed in June and only 

\\'eak poleward flow has e\·er been ohscned in July. The diagrams exhibited in his report 

gi\·ing the seasonal time series or alonplwre geostrophic velocity at the surface and J 50 

dbars with respect to Ll\:;\1 500 dbars show southward flow at surface and zero velocities 

at 1 SO dbars during June. 

Data f)· om J unc 1990 clearly show that the colder waters arc closer to the shore and 

the \\·armer offshore. Salinity cross section sho\\'s that the more saline water is close to 

the shore. The background kno\\'ledge about the physical phenomena in the area during 

this period gives the information that this period is the upwelling period and low tem­

perature and high salinity \\'atcrs arc expected in the area. Temperature and salinity 

profiles (Figures 5, 7) give the picture that water masses of more southerly origins flow 

along the continental margin. This can be concluded by the fact that a core of relatively 

\\·ann and saline water flows north\\"ard surroumled by colder upwelled saline \\·atcr. The 

ofT'lhore limit of this nortlnvard f1owing core is located between GO to 70 km onshore and 

\·crtically extends from surface to 700 dbars. As the geostrophic velocities and V veloc­

ities of the Pegasus and 1\DCP data show, on the surface this northward flowing current 

is narro\\·cr but at depth of 200 to 300 dbars gets its maximum width of 60 to 70 km. 

These results agree with the countercurrent described by Sverdrup and Fleming ( 1941 ). 

In my case the countercurrent is observed at the surface too. Rcfering to the more re­

cent descriptions of the undercurrcnt ,' countcrcurrcnt at Point Sur by Chelton (I 984), 

June 1990 data show a much diflcrent picture. Chclton determined that the undercurrent 

wasn't observed in the years 1950 to 1979. The strong Undercurrent observed close to 

the shore in June 19~JO suggests that Chclton may not have had stations sumcicntly close 

to shore. The lack or an L;ndcrcurrcnt may have been due to the data distribution rather 

than real \·ariability. 

The bend or the i'lothcrms, isohalincs and isopycnals upwards tmvarcl shore clearly 

shO\\"S the upwelling in the upper 100 dbars. Comparison of 1\ VIIRR and temperature 

section demonstrates that up\relling plumes arc shallow features. This is in phase with 

the S\·crdrup assumption that the Uf'\\"clling \\"<Her rises from moderate depths only, 

probably less than 200m (Sverdrup and rienung, 1941) and the phenomenon represents 

only an overturning of the upper layers. Closer exanunation of U velocities measured 

by Pegasus anJ ADCP can give an idea of the upwelling in the area, which happens at 

a distance from the shore. In all the cases. far ofl'shore a relatively strong easnvard 

flowing core is observed at depths I 00 to 150 dbars. This core shallows and weakens 

closer to the shore. giving the iJca or the upv.:elling offshore. 

54 



T 'S charnctcriqics cle~nly ri.,·e the e;._pected water n.asses in the area. As was de­

scribed earlier. the equatorial water masses llO\\'ing northward in the area affects the 

Subarctic J\"orth Pacific water mass flowing southward and close to the shore creates the 

bend in the T,' S characteriqics. In the upper layers (surface to 150 dbars) we can dis­

tinguish two diOerent Wll ter masses. One or the them is for the stations close to the shore 

(Stations 1 to 10) and the other l~r offshore. T/S characteristics of the Stations 10 to 

!5 (in the upper byers) lie between the T:S characteristics of the two masses. The first 

one (bet\veen Stations I ~mel 10) has high salinity and low temperature, the second has 

low salinity and higher temperature. This construction clearly gives the picture of the 

Equatorial \Vater mass clo"e to the shore aOectcd by the upwelling and the less saline 

Subarctic :\orth Pacific water mass oll"sllore. The product from the contribution of the 

two water masses is shown cle;:nly just below the 150 dbars where the bend or the char­

acteristics is sho\\"n. 1\nother important point is at the depth of 300 to 700 dbars where 

stations offshore fl·om st:J.tion 1<4 present T/S characteristics diOerent than the other 

stations. ·1 his giYes an iuea that at this Jcpth the northwarJ flowing undercurrent, which 

carries Equatorial wate1 s, is restricted in the area close to the shore. further otrshore 

the Suh.:uctic ?\orth Pacific water mass dominates. 

The Level or 1\o i'vlotion Jetermination still remains uncertain because there is no 

methoJ which gu:J.rantees this. Some or the most acceptable methods were applied and 

the result was that the most rcpresentati\·e L~:VI was at 700 dbars. I belie\·e that close 

to the shore the L:\\1 is sonle\\·hat shallower. Offshore it becomes greater, but this has 

to be investigated by the current meters. 1\11 indication for the LNi\1 is giYen by the 

salinity clifTerences bet\\"een the stations in pairs. These show that with a depth they tenJ 

to close to zero. giYin.g an idea that hclo\\" this depth the \\"ater motion in the area is al­

most 7ero anJ the water is almost homogenous. The depths where the salinity difrer­

ences close to zero Y~l ries of"L'>hore. Close to tile shore the zero JifTerence in salinity 

between the stations is observed at a depth or 4UO dbars. further offshore the depth in­

creases reaching to 1000 ubl!rS. Of' course the depths where the diflerences in salinity 

close to zero cannot he accepted as the Jcpth of the Ll\:M because horizontal anJ ver­

tical dilli.1sion l~tctors arc taken into acL·ount, but still there is a good inuiclltion of the 

level \\"here the motion is \"cry small. Density dillcrences between the stations give a 

better picture of the L0: \I depth. ·1 he reason Cor this was describeu analyticaly in the 

LN ;\1 section. The depth where the clensit .Y diflcrences close to zero and the range of 

depth \vhere the dynamic height dillercnces show constancy agree giving the results 

mentioned before. 

55 



The geostrophic , Pegasus allll J\DCP velocities give an integrated picture of how the 

coastal jet, California U nJercurrent and California Current look in June 1990. The 

Califomia Undercurrent is the most important characteristic in the area, and for .June 

1990 presents features much different than those described by Chclton ( 1984) using av­

eraged data for many years. According to the data of June 1990, the California Under­

current ofr Point Sur is shown to occupy the area from Station 2 to Station 9 at the 

surface. Deeper (I 00 to 300 Jbars) the Undercurrent becomes wider reaching to Station 

12. Deeper than 300 dbars it becomes narrower and extends to the depth of 700 dbars. 

The maximum northward velocity of this is shown at distance 25 km from the shore, 

depth 100 to 150 dbars and it is JG cm,' sec. The d~ta give a different picture of the 

Undercurrent than this described by Sverdrup eta!. in "The Oceans" (1960). According 

to them, the Undercurrent is a northward flow at depth 200m. 

Relating the results for the CnJercurrent from data of June 1990 \Vith those from 

the previous se,·en cruises analyseJ by stuJents of the Naval Postgraduate School, June 

I 990 gives about the same picture. Tisch ( 1990), studying the seasonal variability of the 

geostrophic velocity and \\'ater mass structure Off Point Sur for the seven previous 

cruises. saiJ that the Undercurrent core is located within 42 km offshore and in depths 

bctw·cen 70 to 460 dbars on all cruises. The CUC was present at the surface in February 

I 989 anJ :\o\·ember I 989 anJ subsmface throughout the remainder of the year. In 1988 

poleward flow at surface \Vas only seen in 1\:ovember and inshore of Station 3. The 

\\'<.Umest anJ saltiest \\'a tcrs were found at the Jepth of the cue. Strong surface 

pole\\'arJ flo\\' \\'as observed in i'vl ay 1989 inshore or Station 5 as result of warmer fi·esher 

\\'ater founJ further offshore. ln 1\ ugust of 1988 and July of 1989 strong pole\vard sur­

f~tce flow WllS also observeJ Jue to significant relaxation of equatorward winds \Vhich 

occurreJ 2 Jays prior to the July cruise anJ Juring the J\ ugust cruise. 

The above obseJ'\'ations related with the results of June I990 lead to the conclusion 

thllt the California L' nJcrcurreut exists close to the shore throughout of the year \\'ithin 

42 km offshore. The location of the core exhibits great variations in depth but generally 

small in Jistllnce oJTshore (almost all the values \\'ere bet\\'een 15 and 28 km offshore). 

The possibility is not excluded that the undercurrent be observed on the surface as in 

February I989, i\ovembcr I989 and .June I990. 
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IV. CONCLUSIONS AND RLCOI\11\IENDATI ONS 

A. CONCLUSIONS 

The rurposc or this study was to charactcri7e the dynamic structure, transpOI t. anJ 

water ma"s character of the California l inJcrcurrcnt and California Current using Jata 

fi·om CTD. Pc~asu<>. J\DCP anJ J\ VIIRR. 

The C;IIifornia t; ndcrcurrcnt during .June 1990. ic; remarkably strong anJ surfaceJ 

in contrast with the analy<..is or CaiCOI · I Jata hy Chclton ( 1984). \Vhilc some of thi<; 

\·ariability is rea l due to fluctu;Itions of the Undercurrent, earlier obscr\'ations did not 

have the spatial resolution to <tlwayc; resoh·c the /l o\\". ·1 he maximum spccJ at the core 

is 3() cn1.'scc. located 33 km o/lshorc. It is shO\\·n to be strongly aflcctcJ by the wind 

force. at least in the upper 50 Jbar<;. One day Juration of upwelling favorable winJ force 

or one J<1y compensation may be enough to remarkably change dimensi ons of the 

Cndcrcurrcnt at surl~tcc. It is cstim;1ted that a greater than one day duration of the 

\\·i nd's compens(ltion can cause the disappearance of the California lJnclcrcurrcnt from 

the surf;1ce <HH.l the etrca until the coa"t he co,·crcd by the Da,·idson current. 

The C:tlifornia c·ndcrcurrcnt during J unc 1990 is restricted in the upper 700 Jbar 

and mi:-;cs cquettori;II type waters \rith the Subarctic ?\orth Pacific water in the area. This 

is sho\\'n very di<.tincti\-cly in the T,'S diagrams. ·1 he CUC transport is estimated to he 

2. 9 S\'. 

The Cetlif'ornia Current is shown to be shallow (less than 300 Jbars) anJ \rith smaller 

,·clocity (2S cm:scc) tlwn tile California Undercurrent. The landward limit ofthc surface 

flow is located at Station 9 and rrcscnts a surface core at distance of 110 km from the 

shore. It carries Subarctic l\orth Pacific water which is JistinguishcJ by low tcmpcr­

etturc and salinity. J\s tile T iS diagram illustrates, the lanclwarJ limit of the CC is 

!'trongly a/lcctcd by the characteristics of tile L ndcrcurrent, mainly bel ow 150 dhar!'. 

On tile surface the cJkcts of the LnJercurrent arc not so strong but still the surface 

characteristics or some or the stations arc between the two Jistinct water masses. 

The up\H~IIin g is silo\\'n reaching to a depth of I 00 clbars and affecting mainly the 

waters Iand\\'ard of Station 5 (22 km from the shore). ·1 his phenomenon was Jriven by 

the up\\"CIIing fa\'Oiablc :'\\V winJs. 



The south\\"ard Ilo\\"ing COiJstal jet is p1cscnt the data of.Junc 1990. Landward from 

Station 2 a south\\'ard. n~trrow and shallow current is sho\\'11 011 the surface, having 

ma\imum velocity I (J em ·sec. 

1\ detailed analysis of all data leads to the conclusion that 700 clbars is a more ac­

cura tc estimate of the L~ ;\I tha11 either 500 or I 000 dbar. 

ll. RECOl\11\lENDATIONS 

Data of June 1990 give a picture of the currents in the area which arc amplified or 

compensated by such local phenomena as up\\'clling. tidal waves, inertial motion, and 

\\'inJs. Using data from CrD, Pegasus. 1\DCP and A YIIRR concentrated on a line it 

is almost impossible to c:\prcss an opinion !'or the size of contribution of the local phe­

nomena on the currents in the area. I estimate that to form a statistical correlation of 

ho\\' much the local phenomena contribute on the currents, the results of this study haYc 

to he compared \\'ith data f'rom other sources. as for example from current meters and 

a sampling array co\·ering an area rather than just a line. 
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